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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to thermochromic microencapsulated pigments. More particularly, the Invention 
relates to microencapsulated pigments comprising microcapsules containing a composition reversibly undergoing color 
changes with temperature. 

BACKGROUND OF THE INVENTION 

10 

[0002] Several proposals have hitherto been disclosed on a composition which begins to change from a colored 
state to a decolored state upon heating, comes into a completely decolored state at temperatures not lower than a 
specific temperature, begins to color upon subsequent cooling, and returns to the colored state. 
[0003] Such compositions can be roughly classified into two types. The first type changes in color at a color change 

15 temperature In such a manner that at ordinary temperature the composition exists only in specific one of the two states 
respectively corresponding to both sides of the color change temperature. Namely, the other state Is maintained only 
during the period in which the heat or cold required for the development of this state is kept being applied, and the 
composition returns to the original ordinary-temperature state upon removal of the heat or cold. This type of composition 
is hence a thermochromic composition which gives a temperature-color density curve showing that it undergoes color 

20 changes with a relatively nan-ow hysteresis range (AH) (see, for example, U.S. Patents 4,028.118 and 4,732,810). 
[0004] The second type changes in color along routes which differ considerably between the case in which the 
composition is heated from a temperature on the lower-temperature side of a color change temperature range and in 
the reverse case in which the composition is cooled from a temperature on the higher-temperature side of the color 
change temperature range. This type of composition gives a temperature-color density curve showing that it undergoes 

25 color changes with a wide hysteresis range (AH). Namely, this type of composition Is a thermochromic cojor-memorizing 
composition in which the colors respectively formed at a temperature not higher than the lower trigger temperature 
and at a temperature not lower than the higher trigger temperature can be alternately memorized and retained in the 
temperature range between the lower trigger temperature and the higher trigger temperature even after the heat or 
cold required for the color change has been removed (see U.S. Patents 4,720,301. 5.879,443, and 5.558,699). 

30 [0005] The compositions described above have a color change behavior such as that shown by the temperature- 
color density curve given in Fig. 1 , although they vary in the width of hysteresis range (AH). This color change behavior 
is ascribable to and specified by a reaction medium (c) which detenmines the temperatures at which the color reactions 
of an electron-donating chromatic organic compound (a) with an elecfron-accepting compound (b) take place. 
[0006] US 4,681 ,791 relates to a thermochromic textile material obtained by coating the fibres of a textile material 

35 with a thermochromic layer comprising a binder and a thermochromic pigment. This thermochromic pigment comprises 
an electron-donating colour former, an elecfron-accepting developer and a colour-changeable controlling agent. 
[0007] JP-A-7040660 relates to a reversible heat-sensitive recording material comprising a colouriess leuco dye, a 
colour developing agent and an ester compound having at least four ester bonds. The material has a number of different 
uses, e.g. for ID cards and cash dispensing cards. The material is used in microencapsulated form and is capable of 

40 reversibly changing between a coloured and uncoloured state. 

[0008] US 5,879,443 relates to a temperature-sensitive colour-memorising pigment comprising an electron-donating 
chromatic organic compound, an elecfron-accepting compound and at least one ester for controlling colour formation. 
The ester compound is either (1) an aliphatic acid alcohol ester obtained from the reaction of a monohydric straight 
chain aliphatic alcohol having an odd number of at least 9 carbon atoms and an aliphatic carboxylic acid having an 

45 even number of carbon atoms or (2) an aliphatic acid alcohol ester having 17-23 carbon atoms obtained from the 
reaction of an aliphatic carboxylic acid having an even number of 10-16 carbon atoms and either n-pentyl or n-heptyl 
alcohol. 

[0009] EP-A-0677564 relates to a thermochromic composition capable of changing in transparency and colour In 
response to changes in temperature. The composition comprises an electron-donating colour-developing organic com- 

50 pound, a compound having a phenolic hydroxyl radical and a homogeneous composition containing an alcohol, an 
ester, a ketone or a carboxylic acid, all of theses components being dispersed in vinyl chloridevinyl acetate copolymer 
matrix resin. The thermocromic composition exhibits reversible colour change and transparency change in response 
to temperature variations, having a hysteresis range of lO-SO^C between the upper and lower frigger temperatures. 
[0010] GB-A-2178183 relates to a heat-sensitive recording material comprising a support having thereon a heat- 

55 sensitive colour-forming layer containing a colouriess or lightly coloured electron-donating dye precursor and an elec- 
tron-accepting developer capable of reacting with the dye precursor. The recording material is coated with a protective 
layer. 
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SUMMARY OF THE INVENTION 

[0011] The compounds effectively usable as the reaction medium (c) are limited in kind. In addition, in systems 
containing effective compounds, there has been no meians for shifting the temperature-color density curve. Narnely, it 
5 has been difficult to delicately regulate color change temperatures, and the conventional compositions have not always 
had intended color change properties. 

[0012] The present inventors made intensive investigations on thermochromic compositions. As a result, they have 
found that the temperature-color density. curve can be delicately modified by incorporating a specifjc compound as the 
fourth component. The invention has been completed based on this finding. 
10 [0013] An object of the invention Is to provide thermochrornic microencapsulated pigments In which the cplor change 
properties of a conventional three-component system comprising components (a), (b), and (c) havia been regujated. 
as a base, with respect to color change temperature. The pigments of the invention are applicable to a variety of fields 
Including temperature indication, decoration, toys, and teaching material elements. . 

[0014] According to a first aspect, the present invention provides a reversibly thermochromic microencapsulated 
15 pigment coniposition showing decolouration on tempenature Increase and colouration on temperature decrease which . 
comprises:. . v.-.;, - _ ..• '.. 

(a) an electron-donating chromatic organic compound, 

(b) an electron-accepting compound, 

20 (c) a reaction medium which determines the tenriperatures at which the colour reactions of component (a) with, 

component (b) take place, and ^ . 

(d) a colour change temperature regulator which Is contained in an ampunt of from 0.01 to 0.3 part by weight per 
part by weight of the reaction medium (c) and which comprises at least one ester, alcohol, ketone, acid amide, 
hydrocarbon or fatty acid and has a melting point Y ("C) satisfying the relationship (X+30) :SY^200. wherein X (*'C) 
25. is the melting point of component (c). . , 

[0015] Preferably, the colour change temperature regulator (d) is an aliphatic ester, an aliphatic ketone, an aliphatic 
alcohol, an aliphatic acid amide or a saturated fatty acid. . 

[0016] Preferably, the average particle diameter of the thermochromic microencapsulated pigment composition is , 
30 0.01-6^m. . ' ' / . ■ - ^\-v.. ':;.;•> :\ - V - . ■ ■• 

[0017] Preferably, the thermochromic microencapsulated pigment composition gives a temperature-colour density 
showing that the pigment undergoes changes with a miaximunr) hysteresis range (AH) of 5°C. 
[0018] According to a second aspect, the present Invention provides a reversibly thermochromic microencapsulated 
pigment composition showing decolouration on temperature increase and colouration on temperature decrease which 
35 comprises: v . 

(a) an electron-donating chromatic organic compound, .... 

(b) an electron-accepting compound, 

(c) a reaction medium which determines the temperatures at which the colour reactions of component (a) with 
40 component (b) take place, and . . . .. . ^ ■ , - , ; ^; 

(d) a colour change temperature regulator which is contained in an ampunt of from 6.01 to 0.3 part by weight per 
part by weight of the reaction medium (c) and comprises at jeast one ether, ester, ketone, acid amide or fatty acid 
and has a meltlnlg point Y (°C) satisfying the relationship (X+16) ^S(X+io6j. wherein X (*'C) is the melting point 
of component (c), 

45 ■ ; . .*.*",•■ . • ' V ■ ' - ' . • • . • 

and which undergoes colour changes with a hysteresis range (AH) of 5-80°C within which the pigment has either the 
colour associated with temperatures above the upper colour-change temperature when it entered the hysteresis range 
from above, or the colour associated with temperatures below the loyyer colour-change temperature when It entered, 
the hysteresis range from below. 

50 ■ ■ ■ . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

55 Fig. 1 is a presentation showing a temperature-color density curve of a microencapsulated pigment containing a. 

thermochromic composition; 

Fig. 2 Is a presentation showing a temperature-color density curve of a thermochromic microencapsulated pigment 
of the invention In which lower-temperature-slde color changei points of a conventional thermochromic microen- 
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capsulated pigment have been shifted toward the higher-temperature side; 

Fig. 3 is a presentation showing a temperature-color density curve of a thermochromic microencapsulated pigment 
of the invention In which lower-temperature-slde color change points of a conventional thermochromic microen- 
capsulated pigment having a small particle diameter have been shifted toward the higher-temperature side; and 

5 Fig. 4 is a presentation showing a temperature-color density curve of a thermochromic microencapsutated pigment 

of the invention In which higher-temperature-side color change points of a conventional thermochromic microen- 
capsulated pigment have been shifted toward the lower-temperature side. In which 

indicates complete-coloration temperature, T2 coloration initiation temperature, T3 decoloration initiation tem- 
perature, T4 complete-decoloration temperature, Th temperature corresponding to the midpoint in color density 

10 during coloration, Tq temperature corresponding to the midpoint in colpr density during decoloration, and AH hys- 

teresis range (Tq-Th). 

DETAILED DESCRIPTION OF THE INVENTION 

IS [0020] The themnochromic microencapsulated pigments will be explained below in detail with respect to the hyster- 
esis characteristics thereof shown in a color density-temperature curve. 

[0021] In Fig. 1 , color density is plotted as ordinate and temperature is plotted as abscissa. Changes in color density 
with temperature proceed along the arrows. Point A indicates the color density at the lowest temperature T4 at which 
a completely decolored state is reached (hereinafter referred to as complete-decoloration temperature). Point B Indi- 

20 cates the color density at the highest temperature T3 at which a completely colored state can be retained (hereinafter 
referred to as decoloration initiation temperature). Point C Indicates the color density at the lowest temperature T2 at 
which the completely decolored state can be retained (hereinafter refenred to as coloration initiation temperature). 
Furthermore, point D indicates the color density at the highest temperature T^ at which the completely colored state 
is reached (hereinafter referred to as complete-coloration temperature). 

25 [0022] At temperature T^, two phases, i.e.. a colored state con-esponding to point E and a decolored state corre- 
sponding to point F, coexist. In a temperature range including this temperature T^ wherein the colored state and the 
decolored state can coexist, the composition can retain the colored or decolored state. The length of the segment EF 
is a measure of the coritrast between the colored and the decolored states, while the length of the segment HG, which 
passes through the middle point of the segment EF, Is the temperature range width Indicating the degree of hysteresis 

30 (hereinafter referred to as hysteresis range AH). At ordinary temperature, a composition having a small value of AH 
(below 5°C) can exist only in specific one of the two states respectively observed before and after a color change. 
[0023] In particular, thermochromic compositions having a small value of AH are used in applications such as indi- 
cators due to their color change characteristics, and the regulation of color change temperature is important for these. 
[0024] In the case of thermochromic compositions having a large value of AH (5**C to 80**C), each of the states 

35 respectively observed before and after a color change can be readily retained. 

[0025] The temperature renge wherein two phases respectively In a colored state and a decolored state are sut>- 
stantially retained, i.e., the temperature range between T3 and T2 Including T^. is practically effective when It has a 
width of from 2°C to less than 80°C. 

[0026] According to one aspect of the invention, four essential components are microencapsulated which consist of 
40 (a) an electron-donating chromatic organic compound, (b) an electron-accepting compound, (c) a reaction medium 
detemninlng the temperatures at which the color reactions of component (a) with component (b) take place/and (d) 
one or more high-melting compounds selected from esters, alcohols, ketones, acid amides, and hydrocarbons and 
having a melting point Y {**C) satisfying the relationship (X+30)*C^^O0'*C, preferably satisfying the relationship 
(X+35)'»C^Y^1 50*0, wherein X ("C) is the melting point of component (c). A feature of this constitution resides In that 
45 lower-temperature-side color change points can be delicately regulated so as to shift toward the higher-temperature 
side. 

[0027] An explanation on this point is as follows. The incorporation of component (d) shifts T^ (complete-coloration 
temperature) and T2 (coloration initiation temperature) toward the higher-temperature side as shown by the broken 
line in the color density-temperature curve given in Fig. 2. 
50 [0028] The temperatures to which T^ and T2 are shifted can be regulated to any desired values by changing the kind 
and addition amount of component (d), i.e.. the color change temperature regulator. 

[0029] In case where the melting point of component (d) is lower than that of component (c) by at least 30*^0, it is 
difficult to produce the desired function of color change temperature regulation. Furthermore, addition of an ingredient 
having a melting point exceeding 200°C may impair thermochromic sensitivity. 
55 [0030] The thermochromic composition described above is microencapsulated so as to obtain a thermochromic ma- 
terial which is chemically and physically stable. Namely, the composition is used in the form of a thermochromic mi- 
croencapsulated pigment. However, the thermochromic composition which has been microencapsulated may have 
drawbacks concerning color changes with temperature, in particular the color change behavior during cooling, depend- 
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ing on the particle diameter distribution of the microcapsu^^ 

[0031] Such drawbacks are as follows. Micrpencapsuiated pigments are produced so as to have particle diameters 
of mostly from 1 to 50 nm. preferably from .1 fo 30 ^im, although their sizes vary depending on applications. However, 
these pigments have fluctuations in particle diameter. Not all the microencapsulated pigments have particle diameters 

5 within that range, and some microencapsulated pigments have particle diameters larger than the upper lirnit or smialler 
than the lovyer limit Microencapsulated pigments having particle diameters of about from 0.01 to 3 \im are applicable 
to process printing inks for high-mesh separation, inks for writing utensils, etc. However, since component (c) has the 
property of supercooling, the microencapsulated composition iipon qpoling is colored at a temperature lower by frorn 
2 to 36®C than the temperature at which microencapsulated pigments containing the same composition but having a 

10 larger particle diameter are colored during cooling, or is colored stepwise and does not show a distinct color change, 
as shown by a solid line in the color densitY-temperature curve given in Fig. 3. Namely, the. Intended, color chang^^ 
characteristics are difficult to obtain. . J j,: ;. : / .*;>:v v- • • ' ■■ ■ . 

[0032] However, the incorporation of compohent (d) in the microencapsulated desbrll^ed above haying a 

small particle diameter elevates the cloud point of the thermochromic composition and improves the crystallinity of tfie 

15 composition itself, whereby the supercooling prope|rties oj component j[c) are reduced. As a result. (complete-col- 
oratioh temperature) and T2 (coloration initiation temperature) are shifted toward the hlgher-temp^rature side and the 
pigment shows a satisfactory color change behavior' with a distinct color change, as shown by thie broken line in the. 
color density-temperature curve given in Fig. 3. -. 
[0033] Component (d) is explained next. . , 

20 [0034] Examples of aliphatic esters, which are preferred among the esters usable as component (d), include stearyi 
laurate, eicbsyl stearate, docosyl laurate, tefracosyl laurate, hexacosyl laurate. octacosyl laurate, triacohtyl laurate, 
cetyl myristate, stearyi myristate, eicosyl myristate, docosyl myristate, tetracosyl myristate, hexacosyl myristate, octa-. 
cosyl myristate, trlacontyl myristate, iauryl paimitate, tridecyl palmitate. myristyl palmitate, ce^l palmitate, stearyi palmir. 
tate. eicosyl patmitate, docosyi palmitate, tetracosy! paimitate, hexacosyl palmitate, bctacosyri palmitate, triacontyl 

25 palmitate, undecyl stearate. Iauryl stearate. tridecyl stearate, myristyl stearate, cetyl stearate. stearyj stearate, eicosyl 
stearate. docosyl stearate, tetracosyl stearate, hexacosyl stearate. octacosyl stearate, triacontyl stearate, 
octyl eicosanate, decyl eicosanate, undecyl eicpsanate, tridecyl eicosanate. myristyl elcosanate. cetyl eicosanate, 
stearyi eicosanate, eicosyl eicosanate, docosyl eicosanate, tetracosyl eicosanate, hexacosyl eicosanate, octacosyl 
eicosanate. triacontyl eicosanate, . /•"■■/ . : .. : ; ■: : j 

30 methyl behenate, propyl behenate. blutyl behenate. helxylbehenate, octyl behehate, decyl behenate, undecyl behenate, 
Iauryl behenate, tridecyl behenate. nriyristyl behenate; cetyl behehate. stearyi behenate. eicosyl behenate. docosyl 
behenate, tetracosyl behenate. hexacosyl behenate, octacosyl behenate, triacontyl behenate, ditridecyl oxalate, dimyr- 
istyl oxalate, dicetyl oxalate, distearyl oxalate, dieicosyl^ oxal^^^ 
dimyristyl malonate, dicetyl malonate, distearyl malonate, dieicosyi malonate, 

35 ditridecyl succinate, dimyristyl succinate, dicetyl succinate, distearyl succinate, dieicosyi succinate, ditridecyl glutarate. 
dimyristyl glutarate. dicetyl glutarate, distearyl glutarate, dieicosyi glutarate. ditridecyl ad ipate, dimyristyl adipate, dicetyl 
adipate, distearyl adipate, dieicosyj adlpate,_ ■■,-v'; . -h-i^": ']'■•. '•"••■■V'X-;' -/- 

' ditridecyl suberate, dimyristyl suberate. dicetyi suberate, distearyl suberate, dieicosyi S|uber 
dilauryl sebacate. ditridecyl sebacate. dirnyristyl sebacate, dicetyl sebacate, distearyl sebacate, and dieicosyi sebacate. 

40 [0035] Further. i.lO-decanedilauryl, 1,10<Jecanedimyristy|,,1,10:;d^^^ 1,10-de^ 
cahedieicosyl, 1.10-decanedidocosyi, 1.12-dodecanedilauryl, ' i.12-dodecanedimYristyl, 1 ,12-dodecanedicetyl, 
1 ,1 2-dodecanedistearyl, 1 ,1 2-dodecanedieicosyl, 1 .1 2-dodecanedidocosyl. 1 ,1 4-tetradecanedilauryl, 1 .1 4-tetrade- 
canedimyristyl, i,14::tetradecanedicetyl. 1,14-tetradecanedistearyl. 1,14-tetradecanedieicosyl, 1,14-tetradecanedido- 
cosyl, 1,16-hexadecanedilauryl. 1.16-hexadecanedimyristyl.. 1,16-hexadecanedlcetyl, .1,16-hexadecanedistearyl, 

45 1,16-hexadecanedielqosyl. 1,16-hexadecanedidpcosyl, 1.18-octadecanedilauryl, 1,18-octadecanedimyristyi, 1,18-oc- 
tadecanedicetyl, 1 ,1 8-octadecanedistearyl, 1 ,i8-octadecariedieicosyl. i.18-octadecanedidocosyl, trimyristin, tripalmh: 
tin. tristearin, or trinonadecahoin may be used. ■ 

[0036] Examples of aliphatic alcohols, which are preferred anriong the alcohols usable as component (d), include 
pentadecyl. alcohol, cetyl alcohol, heptadecyl alcohol, stearyi alcohol, nonadecyl alcohol, eicosyl alcohol, docosyl al- 
so cohoi, tetracosyl alcohol, hexacosyl alcohol, a^^^ ' 
[0037] Examples of aliphatic ketones, which are preferred among the ketones usable as component (d), include 
dioctyl ketone, dinonyl ketone, diundecyl ketone, ditridecyl ketone, dlpentadecyl ketone, diheptiadecyi ketone, phenyl 
octyl ketone, phenyl undecyl ketone, phenyl tridecyl ketone, phenyl pentadecyl ketone, and phenyl heptadecyl ketone; 
[0038] Examples of aliphatic acid amides, which are preferred among the acid amides usable as component (d), 
55 include hexaneamide, heptaneamide, octaneamide. honaneamide. decaneamide. undecaneamide, laurylamide. tride- 
cylamide. myristylamide, palmitylamide, stearylamide, docosylamide, tricosylamlde, hexacosylamide, and octacosy- 

lamide.,- .. : ^ ■ • . ^. : • ' 

[0039] Examples of the hydrocarbons include elcosane, henelcosahe. docosane, tricosane, tetracosane. penta- 
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cosane, hexacosane, heptacosane, octacosane, nonacosane, triacontane. hentriacontane, dotriacontane. tritriacon- 
tane, tetratriacontane, pentatriacontane, hexatriacontane, heptatriacontane, octatriacontane. nonatriacontane, tetra- 
contane, 1-docosene, 1-tricosene, 1-tetracosene. 1-pentacosene, i-hexacosene, 1-heptacosene, 1-octacosene, 1-no- 
nacosene, and 1-tnacontene. 

[0040] Examples of saturated fatty acids, which are preferred among the fatty acids usable as component (d), include 
tetradecanoic acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic acid, octadecanoic acid, nonadecanoic 
acid, eicosanoic acid, heneicosanoic acid, docosanoic acid, tricosanoic acid, tetracosanoic acid, pentacosanoic acid, 
hexacosanolc acid, heptacosanorc acid, octacosanoic acid, nonacosanoic acid, triacontanoic acid, hentriacontanoic 
acid, dotriacontanoic acid, tetratriacontanoic acid, hexatriacontanoic acid, and octatrlacontanoic acid. 
[0041] The color change temperature regulator (d) is incorporated in an amount of from 0.01 to 0.3 part by weight, 
preferably from 0.01 to 0.2 part by weight, per part by weight of component (c). 

[0042] In case where the amount of component (d) is smaller than 0.01 part by weight, the desired effect of regulating 
color change temperature is difficult to produce. In case where the amount thereof exceeds 0.3 part by weight, the 
composition is apt to have Impaired thermochromic sensitivity and less apt to show a distinct color change. 
[0043] Examples of the electron-donating chromatic organic compound (a) include conventionally known compounds 
such as diphenylmethane phthalide derivatives, phenytindolylphthallde derivatives, indolylphthatide derivatives, diphe- 
nylmethane azaphthalide derivatives, phenylindolylazaphthallde derivatives, fluoran derivatives, styrynoquinoline de- 
rivatives, and dlaza-Rhodamine lactone derivatives. Specific examples of these compounds are as follows. 3,3-Bis(p- 
dimethylaminophenyl)-6-dimethylaminophthalrde. 3-(4-diethylaminophenyl)-3-(1-ethyl-2-methylindol-3-y!) phthalide, 
3,3-bis(1-n-butyl-2-methylindol-3-yl)phthalide. 3,3-bis(2-ethoxy-4-dlethylaminophenyl)-4-azaphthallde, 3-[2-ethoxy- 
4-(N-ethylaniiino)phenyl]-3-(1-ethyl-2-meth ylindol-3-yl)-4-azaphthalide, 3,6-dimethoxyfluoran, 3,6-di-n-butoxyfluoran, 
2-methyl-6-(N-ethyl-N-p-tolylamlno)fluoran, 3-chloro-6-cyclohexylamlnofluoran, 2-methyl-6-cyciohexylamlnofluoran, 
2-(2-chloroanilino)-6-di-n-butylaminoflubran, 2-(3-trifluoromethylanilino)-6-diethylamlnofluoran, 2-(N-methylanillno)- 
6-(N-ethyl-N-p-tolyIamino)fluoran, 1 ,3-dimethyl-6-diethylamlnofluoran, 2-chloro-3-methyl-6-dlethylaminofluorah, 2-an- 
ilino-3-methyl-6-diethylaminofluoran, 2-anilino-3-methyl-6-di-n-butylaminofluoran, 2-xylidino-3-methyI-6-diethyl- 
aminofluoran, 1.2-benzo-6-diethylaminofluoran, 1,2-benzo-6-(N-ethyl-N-lsobutylamino)fluoran, 1 ,2-benzo-6-(N- 
ethyl-N-isoamyIamrno)fluoran, 2-{3-methoxy-4-dodecoxystyryl)quinoline. spiro[5H-(1)benzopyrano(2,3-d)pyrimidlne- 
5,1 '(3'H)isobenzofuran]-3-one. 2-(dlethylamino)-8-(diethylamino)-4-methyl-, spiro[5H-(1 )benzopyrano(2,3-d)pyrimi- 
dine-5,1 '(3*H)isobenzofuran]-3'-one, 2-(dl-n-butylamino)-8-(di-n-butylamino)-4-nriethyt-; spiro[5H-(1 )benzopyrano 
(2,3-d)pyrimidine-5,r(3'H)lsobenzofuran]-3'-one, 2-(di-n-butylamino)-8-(diethyiamino)-4->Tiethyl-, splro[5H-(1)benzo- 
pyrano(2,3-d)pyrimidlne-5,r(3*H)lsobenzofuran]-3'-one. 2-(di-n-butylamino)'8-(N-ethyI-N-isoamylam{no)-4-methyl 
and • ■ ■ 

spiro[5H-(1)benzopyrano(2,3-d)pyrimidine-5,r(3'H)isobenzofuran]-3'-one, 2-(di-n-butylamino)-8-(di-n-butylamino)- 
4-phenyI. 

[0044] Examples of component (a) further include pyridine, quinazoline, and bisquinazoline compounds, which are 
effective in developing a fluorescent, yellow to red color. 

[0045] Examples of the electron-accepting compound of component (b) include compounds having at least one 
active proton, pseudo-acid compounds (compounds which are not acids and function as an acid in the composition to 
cause component (a) to develop a color), and compounds having an electron hole. 

[0046] Examples of the compounds having at least one active proton include compounds having one or more phenolic 
hydroxyl groups. Examples thereof Include monophenols and polyphenols, mono- or polyphenols substituted with one 
or more substituents selected from alkyi, aryl, acyl, alkoxycarbonyl, and carboxyl groups, esters or amideis of these 
groups, and halogens, and phenol-aldehyde condensation resins derived from bisphenols, trtsphenols. etc. Examples 
thereof further include metal salts of these compounds having one or more phenolic hydroxyl groups. 
[0047] Speclftc examples of such compounds include phenol, o-cresol, t-butylcatechol, nonylphenol, n-octylphenot, 
n-dodecylphenol, n-stearylphenol, p-chlorophenol, p-bromophenol, o-phenylphenol, 4-(4-{1-methylethoxyphenyl)sul- 
fonylphenol, 4-(4-butyIoxyphenyl)sulfonylphenol, 4-(4-pentyloxyphenyI)sulfonylphenol. 4-(4-hexyloxyphenyl)su!fonyl- 
phenol. 4-(4-heptyloxyphenyl)sulfonylphenol, 4-(4-octyloxyphenyl)sulfonylphenol, n-butyl p-hydroxybenzoate, n-octyl 
p-hydroxybenzoate, resorcinol, dodecyl gallate, 2,2-bis(4-hydroxyphenyl)propane, 4,4-dihydroxydiphenyl sulfone, 

1.1- bis(4-hydroxyphenyl)ethane, 2,2-bis(4-hydroxy-3-methylphenyl)propane, bis(4-hydroxyphenyl) sulfide, 1-phenyl- 
1 , 1 -bis(4-hydroxyphenyl)ethane, 1 , 1 -bls(4-hydroxyphenyl)-3-methylbutane, 1 , 1 -bis(4-hydroxyphenyl)-2-methylpro- 
pane, 1,1-b[s(4-hydroxyphenyl)-n-hexane, 1,1-bis(4-hydroxyphenyl)-n-heptane, 1,1-bis(4-hydroxyphenyi)-n-octane, 
1 ,1 -bis(4-hydroxypheny!)-n-nonane, 1 .1 -bis(4-hydroxyphenyI)-n-decane, 1 ,1 -bis(4-hydroxyphenyl)-n-dodecane, 

2.2- bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)ethyl propionate, 2,2-bis(4-hydroxyphenyl)-4-methylpen- 
tane, 2,2-bis(4-hydroxyphenyl)hexafluoropropane, 2,2-bis(4-hydroxyphenyl)-n-heptane, and 2,2-bis(4-hydroxyphe- 
nyl)-n-nonane. 

[0048] Such compounds having one or more phenolic hydroxyl groups can impart the most effective thermochromic 
properties. However, component (b) may be a compound selected from metal salts of such hydroxyl compounds. 
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aromatic carboxylic acids, aliphatic carboxylic acids having 2 to 5 cart>on atoms, metal salts of such aromatic and 
aliphatic acids, carboxylic acid nrieta.l salts, acid phosphoric esters and metal salts thereof, and 1 ,2,3-triazote and de- 
rivatives thereof. . r • ; ; ■ ^ - . 

[0049] Examples of component (b) further include fluoroalcohol compounds. Specific examples thereof include 

2- hydroxyhexafIuoroisopropylbenzene, 1.3-bis(2-hydroxyhexafiuorbisopropyl)bepzene. 1 .4-bis(2-hydroxyhexafluoroi- 
sopropyl)benzene, 1 ,3-bls(2-hydroxymethyihexafluoroisopropyi)benzene, 1 ,3-bis(3^-hydroxy(-i , |-bis^fluoromethyl- 
propyl)benzene , i,4-bis{2-hydroxymethylhexafluoroisopropyl)benzene. i,4-bis{3-hydroxy-1,1-bistrifiuoro^ 
pyl)benzene; 2-hydroxymethylhexafluoroisopropylbenzene, and 3-hydroxy-1.1-bistrlflu6romethylpropylbenzene. 
[0050] Even a composition consisting of component (a) and component (b) both for use in the thermochromic com- 
position of the invention can have thermochromic properties. Thjs twq-cpmpon^^ compdsitipn. however, is lirnited in 
the regulation of color change temperature. The use of component (c) enables th^^^^ co'df change temper- 
ature^to be conducted practically. . j '...-..„;,;. i^. - ^ , .'. ■ j v,-,.. :^.:*v^ / ^i-A^:- ,.. '.i L . 
[0051] Componisht (c) Is a compound serving as a reaction medium in which the electron donating^ccep^^^^ 

tions between components (a) and (b) reversibly take place in a specific temperature range. All of conventionally used 
general reaction media such as, e.g., sulfides, ethers, ketones, esters, alcohols, and acid amides are effective as 
component (c). Component (c) may be a semiliquid substance such as a medium-molecular weight polymer. Such 
compounds can be used alone or in combination of two or more thereof. Iii the case where such compounds c|re 
subjected to microencapsulation and secondary processing, low-rnqiecular weight compounds vaporize off the micro- 
capsules in a high-temperature treatment. Consequently, e^ffective compounds which can be stably held in the capsules 
are those having 10 or more carboii atoms. . v'^!:. >X^. : ■ V vv^;^^^^ V v^i^X'r'' ■ ' / ' • 

[0052] Examples of the sulfides include di-n-octyl sulfide, di-n-nonyj sulfide, di-n-decy I sulfide, di-n-dodecyl sulfide, 
di-n-tetradecy! sulfide, dl-n-hexadecyj sulfide, di-n-octadecyi sulfide, octyl dodecyl sulfide, diphenyl sulfide, dibenzyl 
sulfide, dUolyl sulfide, diethylphenyl sulfide, dinaphthyl sulfide, 4,4'-dichIorodiphenyl sulfide, and 2,4,5,4 -tetrachld-^i 
rodiphenyl sulfide. . ■ . v . .:c^'->.^ ! V- . 

[0053] Examples of the ethers include aliphatic ethers haying 10 or more cartjon atoms, such as dipentyl ether, 
dihexyl ether, diheptyl ether, dioctyl ether, dinonyl ether, didecyl ether, diuhdecyl ether, didodecyl ether, ditridecyl ether, 
ditetradecyl eihet, dipentadecyl ether, dihexadecyl ether, dioctadecyl ether, decanediol dimethyl ether, undecahediol 
dimethyl ether, dodecanedioj dimethyl ether, tridecanedibi dirnethyl etheri^ decanediol diethyl ether, and undecanediol 
diethyl ether; alicyclic ethers such as s-trioxane; and aromatic ethers such as phenyl ether, phenyl ether, dibenzyl ether, 
di-p-tolyl etheK 1-methoxynaphthaiene. and 3,4,5-trimethoxytoluene. . , ^ 

[0054] Examples of the ketones include aliphatic ketones haying 10 or more carbon atoms, such as 2-decanone, 

3- decanone, 4-decanone, 2-undecanbne, 3-undecanone, 4-uhdecanone, 5-undecanone!, 6-undecanone, 2-dodecan- 
one, i-dpdecfanone, 4-dodecanone, 5-dodecahphe, 2-tridecanone, 3-tridecanone, 2-tetradecanphe, 2-pentadecan- 
bne, 8-pentadecanone, 2-hexadecanone, 3-hexadecahone, 9-heptadecahone, 2-pentadecanohe, 2-octadecanone, 
2-nonadecanone, 1 0-nonadecanone, 2-eicosanone, 11-eicosanone, 2-heneicosanone, 2-docosanone, laurbne, and 

stearone;, ' 'I ./ ' ■ . . . f V ' ■ r .\ ■ .'--'^ . 

aryl alkyI ketones haying 12 to 24 carbon atoms, such as n-octadecanophenone, n-heptadecanophenone, n- 
hexadecanophenbhe, n-pentadecanophenone, n-tetradecanopherione, 4-n-dodecaacetophenone, n-tridecanophe- 
nione, 4-n-undecanoacetophenone, n-laurophenbne, 4-n-decahoacetophenone, n-undecanophenqne, 4-n-nonylace- 
tophenone. h^decanophenone, 4-n-pctylacetophenone, n-nonanophehone, 4-n-heptylacetophenbne, n-octanophe- 
nbne, 4-n-hexyjacetophenone, 4-n-(yciohexylacetophenone, 4-tert-butylpropiophenone, n-heptaphenone, 4-n-penty- 
lacetophenone, cyclohexyl phenyl ketone, benzyl n7butyl ketone, 4-n-butylacetophenone, n-hexanophenone, 4-iso-/ 
butylaciBtpphenone. 1-acetonaphthone, 2-acetonaphthone,' and cyclopentyl phenyl ketone; ' ; 

aryl aryl ketones such as benzophenone, benzyl phenyl ketone, arid dibenzyl ketone; and allcyclic ketones such . 
as cyclooctanone, cyclododecanone, cyclopentadecanone, and 4-tert-but^^^ 

[0055] Effective as the esters are ones having 1 0 or more carbon atoms. Examples thereof include esters obtained . 
from any combination of a nrionocarboxylic acid having an aliphatic group or an alicyclic of aromatic ring with a monp- 
hydric alcohol having an aliphatic group or an allcyclic or aromatic ring, esters obtained from any combination of a 
polycarboxylic acid haying an aliphatic group or an alicyciic or aromatic ring with a monohydric aicohol having an 
aliphatic group or an alicyclic or aroniatlc ring^ and esters obtained from any coniblnatibn of a monbciarbbxylic acid 
having an aliphatic group or an alicyclic or aromatic ring with a poiyhydric alcohol liaying an aliphatic group or an 
alicyclic or aromatic ring. Specific examples thereof include ethyl caprylate, octyl caprylate, stearyl caprylate. myristyl 
caprate, stearyl caprate, dbcosyl caprate, 2-ethyihexyI laurate. n-decyl laurate. 3-methylbutyl myristate, cetyl myristate, 
isoprbpyl palmitate, rieopentyi palmitate, rioriyi paimitate, cyclohexyl palmitate, n-butyl stearate, 2-methylbutyi stearate, 
3,5,5-trlmethylhexyl stearate, n-uhdecyl stearate, pentadecyl stearate, stearyl stearate, cyclohexyl methyl stearate, iso- 
propyl behenate, hexyl behenate, lauryl behenate, behenyl behenate, cetyl benzoate; stearyl p-tert-butylbenzoate. 
dimyristyl phthalate, distearyl phthalate, dimyristyl oxalate, dicetyl oxalate, dicetyl malonate, dilauryj succinate, dilauryj 
glutarate, diundecyl adipate, dilauryl azeiate, di-n-nonyl sebacate, dineopentyi l.is-octadecylmethylenedicarboxylate. 
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ethylene glycol dimyrlstate, propylene glycol dilaurate, propylene glycol distearate, hexylene glycol dipalmitate, 
1.5-pentanediol dimyristate, 1 ,2,6-hexanetriol trimyristate, 1 ,4-cyclohexanediol didecanoate. 1 ,4-cyclohexanedimeth- 
anol dimyrlstate, xylene glycol dicaprate, and xylene glycol distearate. 

[0056] Also effective Is an ester compound selected from esters of a saturated fatty acid with a branched aliphatic 
alcohol, esters of an unsaturated fatty acid or a saturated fatty acid having one or more branches or substituents with 
an aliphatic alcohol having one or more branches or 16 or more carbon atoms, cetyl butyrate, stearyl butyrate, and 
behenyl butyrate. 

[0057] Specific examples thereof include 2-ethylhexyl butyrate, 2-ethylhexyl behenate, 2-ethylhexyl myristate, 
2-ethylhexyI caprate, 3,5,5-trimethylhexyl laurate, 3,5,5-trimethylhexyl palmitate. 3,5,5-trimethylhexyl stearate. 2-meth- 
ylbutyl caproate, 2-methyIbutyl caprylate, 2-methylbutyl caprate, 1-ethylpropyl palmitate, 1-ethylpropyl stearate, 

1- ethylprdpyl behenate, 1-ethylhexyl laurate, 1-ethylhexyl myristate, 1-ethyIhexyl palmitate. 2-methylpentyl caproate, 

2- methylpentyl caprylate, 2-methylpentyl caprate, 2-methylpentyl laurate, 2-methylbutyI stearate, 2-methylbutyl stea- 
rate, 3-methylbutyl stearate, 1-methylheptyl stearate, 2-methyibutyl behenate, 3-methylbutyl be^henate, 1-methylheptyl 
stearate. 1-methylheptyl behenate, 1 -ethylpentyl caproate, 1-ethylpentyl palmitate, 1-methylpropyl stearate, 1-methy- 
loctyl stearate, 1-methylhexyl stearate, 1,1-dimethylpropyl laurate, 1-methylpentyl caprate, 2-methylhexyl palmitate, 
2-methylhexyl stearate, 2-methylhexyl behenate, 3,7-dimethyloctyl laurate, 3,7-dimethyloctyl myristate, 3,7-dimethyl- 
octyl palmitate, 3,7-dimethyloctyl stearate, 3,7-dimethyloctyl behenate, stearyl oleate, behenyl oleate, stearyl linoleate, 
behenyl linoleate, 3,7-dimethyloctyl erucate. stearyl erucate, isostearyl eiiicate, cetyl Isostearate, stearyl isostearate, 
2-methylpentyl12-hydroxystearate. 2-ethyIhexyl 18-bromostearate, isostearyl 2-ketomyristate, 2-ethylhexyl 2-fluoro- 
myristate, cetyl butyrate, stearyl butyrate, and behenyl butyrate. 

[0058] Examples of the alcohols include monohydric aliphatic saturated alcohols such as decyl alcohol, undecyl 
alcohol, dodecyl alcohol, tridecyl alcohol, tetradecyl alcohol, pentadecyl alcohol, hexadecyl alcohol, heptadecyl alcohol, 
octadecyl alcohol, eicosyl alcohol, and docosyl alcohol; aliphatic unsaturated alcohols such as allyl alcohol and oleyl 
alcohol; alicyclic alcohols such as cyclop entanol, cyclohexanol, cyclooctanol, cyclododecanol, and 4-tert-butylcy- 
clohexanol; aromatic alcohols such as 4-methylbenzyl alcohol and behzhydrol; and polyhydric alcohols such as poly- 
ethylene glycol. 

[0059] Examples of the acid anitdes include the following compounds. 

[0060] Acetamide, propionamide, butyramide, caprbnamide, caprylamide, capric amide, lauramide, myris-tamlde, 
palmltamide, stearamide, behenamide, oleamide, erucamide, benzamide, capronanilide, caprylanilide, capric anillde, 
lauranilide. myristanilide. palmitanilide, stearanilide. behenanilide; oleanilide, erucanilide, N-methylcapronamide, N- 
methylcaprylamide, N-methyl{capric amide), N-methyllauramide, N-methylmyristamlde, N-methylpalmitamide, N- 
methylstearamide, N-methylbehenamide, N-methyloleamide, N-methylerucamide, N-ethyl lauramide, N-ethylmyrlsta- 
mide. N-ethylpalmitamrde, N-ethylstearamide, N-ethyloleamlde, N-butyllauramide, N-butylmyristamide, N-butylpalmi- 
tamide. N-butylstearamlde, N-butyloleamlde, N-octyllauramide, N-octylmyristamide, N-octylpalmitamlde, N-octylstear- 
amide, N-octyloleamide, N-dodecyllauramide. N-dodecylmyristamide. N-dodecylpalmltamide, N-dodecylstearamide, 
N-dodecyloleamide, dilauroylamine, dimyristoylamine. dipalmitoylamlne, distearoylamine, dioleoylamine, trilau- 
roylamine. trimyristoyl amine, tripalmitoylamlne, tristearoylamlne, trioleoylamine, succlnamide, adipamide, glutaramide. 
malonamide. azelamide, maleamide, N-methylsucciriamide, N-methyladipamide, N-methylglutaramide, N-methyl- 
malonamide, N-methylazelamide, N-ethylsuccinamlde, N-ethyladipamide, N-ethylglutaramide, N-ethylmalonamide, N- 
ethylazelamide, N-butylsuccinamide, N-butyladipamlde, N-butylglutaramide, N-butylmalonamide, N-octyladipamlde, 
and N-dodecyladlpamide. 

[0061] Turning now to the second embodiment of the present Invention, the temperature-colour dehsity curve of such 
a pigment shows that it undergoes color changes with a hysteresis range (AH) having a width of from S'^C to 80**C, 
and the colors thereof respectively in a range of temperatures not higher than the lower trigger temperature and in a 
range of temperatures not lower than the higher trigger temperature are alterniately memorized and retained by the 
pigment in the temperature range between the lower trigger temperature and the higher trigger temperature. In this 
thermochromic microencapsulated pigment, lowier-temperature side color change points can be regulated so as to 
shift toward the higher-temperature side. 

[0062] By compounding the four essential components consisting of components (a), (b), (c), and (d) described 
above, a thermochromic composition can be obtained. 

[0063] The proporiions of components (a) , (b), and (c) vary depending on the desired color densities, color change 
temperature, color change behavior, and kind of each component. However, desirable thermochromic properties are 
obtained when the amount of component (b) is generally from 0.1 to 50 parts by weight, preferably from 0.5 to 20 parts 
by weight, and that of component (c) is generally from 1 to 800 parts by weight, preferably from 5 to 200 parts by 
weight, per part by weight of component (a). 

[0064] A light stabilizer may be incorporated into the thermochromic compositions in an amount of generally from 
0.3 to 24 parts by weight, preferably from 0.8 to 1 6 parts by weight, per part by weight of the electron-donating chromatic 
organic compound as component (a), in order to prevent the composition from suffering photodeterloration. 
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[0065] Examples of the light stabilizer include compounds which inhibit oxidation reactions, such as ultraviolet ab- 
sorbers and antioxidants which prevent the photodeterioratiori caused by the photoreaction-induced excited state of 
component (a), singlet oxygen quenchers, e.g., carotenes, pigments, amines, phenols, nickel complexes, and sulfides, 
superoxide anion quenchers, e.jg.. comple)(es of oxide dismutase with cobalt and nickel, and ozone quenchers. . 
5 [0066] Each of the thermochromic compositions described above is microencapsulated and used as a microencap- 
suiated pigment. Thus, the therrnochrornic composition can retain the same nriakeupi under various use conditions, 
and a chemically and physically stable pigment can be constituted. This pigment can produce the same effects as the 
composition; : . ■ 

[0067] For the microencapsulation, conventionally known techniques can be used. Examples thereof include interr . 
10 facial polymerization, ih-situ polymerization, in-liquid curing coating, phase separation from an aqueous solution, phase ' 
separation from an organic solvent, melt dispersion cooling, air-suspehsion coating, and spray drying. A suitable tech- 
nique is selected according to the intended use. Before the microcapsules are subjected to practical use, the surface 
thereof may be coated with an additional resin film to thereby impartdurability or modify the surface properties according 
to purposes. , , 

15 [OOiBSi The light stabilizer may be microencapsulated together vyith the thermochromic composition. Alternatively, , 
the light stabilizer may be added to a vehicle which is used when the microencapsulated composition is used as a 
colorant. It Is also possible to incorporate the light stabilizer Into the microcapsules and to simultaneously add the 
staliilizer to the vehicle. . 

[0069] The thermochromic microehcapsuiated pigments of the invention can be obtairied by microencapsulation 
20 techniques which have conventionally been used generally. Dispersing the pigments into yaribus vehicles gives printing 
inks and coating materials, with which printed matters and coated articles can be obtained. The pigments can also be 
blended with a molding resin to obtain various molded articles by general molding techniques. . i ' 

[0070] Furthermore, the pigments can be dispersed Into a waxy or pasty medium to give a colorant. 
[0071] The pigments may be suitably used In combination with one or rhbre dyes oir pigments which are not thenmo- 
25 chromic, whereby a variety of color changes can be obtained. . . 

[0072] Embodiments of the iriventlon wili be ghven below, but the Invention should not be construed as being limited 
thereto. , ' • • ' • • 

EXAMPLES 1 TO 9 AND COMPARATIVE EXAMPLES 1 TO 8 

30 

[0073] In Table 1 is shown the composition, with respect to components (a), (b), (c). and (d), of each of the thermo- 
chromic microehcapsuiated pigments of Examples 1 to 9. 

[0074] In each combination of components (c) and (d). the component (d) is a compound satisfying the relationship . 
(X+30)°C^^00**C. wherein X (°C) is the melting point of the component (c). The melting points of these two com- 
35 ponents are also shown in the table, wherein the numeral in each parenthesis indicates, the amount in terms of parts . .,\ 
byweight ..: • • .-• . '-^ :. -.v.. ■ • ^ */.•-.•;.: ..• •.. ' - - 



TABLE 1 



40 
45 




(a)/ 


; (b) ; 


(c) ■ 


: (d) 


Ex. 1 


3-[2-ethoxy-4-(N- , : ■ 
ethylaniltno)phenyl]- 

3- (1-ethyl 

-2-methylindol-3-ylK 

4- azaphthalide (1 .5) 


2 ,2-bis(4-hydroxy- 
phenyl) , 

hexafluoropropane (6.0) 


neopehtyi stearate 
(50.0) • \ ] 

m.p. 36.0*0 


stearyl behenate (1.0) 
m.p. 69.0**C , 


50 


Ex.2 


3-[2-ethoxy-4-{N- 
ethylanilino)phenylI- 

3- (1 -ethyl 

-2-methylindol-3-yl)- 

4- azaphthalide (1 .5) 


1.1-bls V :' 
(4-hydroxyphenyl)-n- 
decane (6.0) 


stearyl caiprate (40.0) 
cetyl caprate (10.0) 
m.p. 35.7*»C 


palmitylamide (0.5) . 
m.p. 107.6*0 


55 


Ex.3 


3-[2-ethoxy;4-(N- 
ethylanijino)phenyl]- 

3- (1 -ethyl 

-2-methyIindol-3-yl)- 

4- azaphthalide (1.5) 


1.1-bis 

(4-hydroxyphenyl)-n 
-decane (6.0) 


stearyl caprate (40.0) . 
cetyl caprate (10.0) 
m.p. 35.7»C 


tetratriacontane (3.0) 
m.p. 73.0*0 



9 
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TABLE 1 (continued) 







(a; 




(c\ 


(d^ 


5 


Ex.4 


3- [2-ethoxy-4-(N- 
ethyianilino)phenyl]- 

o M.oth\/l 

o~\ 1 -einyi 

-2-methylindol-3-yl)- 

4- azaphthalide (1.5) 


1.1 -bis 

(4-hydroxyphenyl)-n- 


n-butyl stearate (40.0) 
n-butyl palmltate (10.0) 
m.p. 25.3*C 


ditridecyl ketone (1 .0) 
m.p. 79.0'»C 


10 


C.X. o 


«5-[z-©inoxy-*i— ^iN- 
ethylanilino)phenyl]- 

3- (1 -ethyl 

-2-methylindol-3-yl)- 

4- a2apntnanae (l .5) 


1 , 1 -DIS . 

(4-hydroxyphenyl)-n- 
decane (6.0) 


oLcaiyi laui Clio \^^mVf 

stearyl caprate (25.0) 
m.p. 39.2°C 


dihfiDtadecvl ketons 
(3.0) 

m.p. 89.0® C 


15 


Ex.6 


1,2-benzo-6-(N- 
ethyl-N-isobutylamino) 
fluoran (1.5) 


2,2-bis(4-hydroxy- 
phenyl) 

hexafluoropropane (6.0) 


n-heptyl stearate (50.0) 
m.p. 35.0*C 


docosyl behenate (5.0) 
m.p. 75.5*»C 


20 


Ex.7 


1 ,2-benzo-6-(N- 
ethyl-N-isobutylamino) 
fluoran (1.5) 


2,2-bis(4-hydroxy- 
phenyl) 

hexafluoropropane (6.0) 


n-heptyl stearate (50.0) 

m n 35 0**C 


behenyl alcohol (3.0) 
m.p. 70.0**C 


25 
30 


Ex.8 


3,3-bis(2-ethoxy-4 
-diethylamino)- 
4-azaphthalide (1 .5) 


2,2-bis{4-hydroxy- 
phenyl) 

hexafluoropropane (6.0) 


neopentyi stearate 
(50.0) 

m.p. 36.0*C 


dtheptadecyl ketone 
(5.0) 

m.p. 89.0**C 


Ex.9 


3-I2-ethoxy-4-(N- 
ethylanilino)phenyl]- 

3- (1 -ethyl 

-2-methylindol-3-yl)- 

4- azaphthallde (1.5) 


1,1 -bis 

(4-hydroxyphenyl)-n- 
decane (8.0) 


2-methylpentyl 
behenate (25.0) 

2-ethylhexyl behenate 
(25.0) 

m.p. 35.9*C 


stearylamide (3.0) 
m.p. 109.0*»C 



Preparation of Microencapsulated Pigment Containing Thermochromic Composition 

35 [0075] A thermochromic composition consisting of 1 .5 parts by weight of 3-[2-ethoxy-4-(N-ethylanilino)phenyI]- 
3-(1-ethyI-2-meth ylindol-3-yl)-4-azaphthaIide as component (a), 6.0 parts by weight of 1 ,1-bis(4-hydroxyphenyl) hex- 
afluoropropane as component (b), 50.0 parts by weight of neopentyi stearate as component (c), and 1 .0 part by weight 
of stearyl behenate as component (d) was homogenized to obtain a solution. Thereto were added 30.0 parts by weight 
of an aromatic isocyanate prepolymer as a wall material and 35.0 parts by weight of ethyl acetate, this mixture was 

40 heated at 70''C for dissolution. The resultant solution was emuisifled in a 1 5% gelatin solution. 

[0076] During the emulsification, the mixture was agitated with a homomixer while regulating the stirring power of 
the mixer so as to result in a particle diameter of from 6.0 to 8.0 \im. After the resultant emulsion was further stirred 
for about 1 hour. 2.5 parts by weight of a water-soluble modified aliphatic amine was added thereto. Stirring was further 
continued for 6 hours to obtain a suspension of a thermochromic microencapsulated pigment. 

45 [0077] The thermochromic microencapsulated-pigment suspension was subjected to centrifugal separation to isolate 
the microencapsulated pigment. This microencapsulated pigment showed such thermochromic properties that its color 
changed between blue and colorless. 

Particle Diameter {^Measurement 

so 

[0078] The microencapsulated pigment was examined for particle diameter with a laser type particle size distribution 
analyzer (LA-300, manufactured by Horiba Ltd.). As a result, the average particle diameter of the pigment was found 
to be 6.0 ^m. 

55 Preparation of Sample for Measurement 

[0079] A themriochromic ink prepared by dispersing 40 parts by weight of the microencapsulated pigment into 60 
parts by weight of an ethylene/vinyl acetate copolymer emulsion was used to print a circle of a given size on wood- 



10 
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free paper by screen printing. 
Measurement of Color Change Temperatures 

[00)803 The printed matter was set in the pfbiper positiori In a'cp^^^^^^ meter (type TC-SBOO, manufactured 

by K.K. Tokyo Densholcu), and was heated and cooled at a rate of i6*C/min In a temperature range having a width of 
50°C to measure the color density thereof at each of various temperatures. ■ ■ 

[0081] In Examples 2 to 9. the compositions shown In Table 1 were used to prepare microencapsulated pigments in 
the same manner as In Example 1 . These micrdehcapsuiated pigments were examined for particle diameter and sub- 
jected to the sarnple preparation and the measurernent of color ch^ meter, 
in thWsame^mahners as In Example, 1. [ 'w ' -. '■■:'•),' ' ■ vv, v^v>-- -^v ;-- 

[0082] In Table 2 are shown the particle diameter. T^ (complete-coloratiori temperature). T2 (col pration initiation 
temperature)rt3 (decoloration initiation temperature), T4 (complete-decoloration temperature), Jh (temperature cpri 
responding to the midpoint in color density during coloration), Tq (temperature con-es ponding to the midpoint in color 
density during decoloration), and AH (hysteresis range) of the therm ochronriic microencapsulated pignient of each 
Example. ; ■- ■ : ' ■ : : ' "'^iV'-V^V'-V^V': ^V•■^ " ■:.:r. ■. ■■:. <i.-■^^■..^ ■l • ■ 



TABLE 2 





Average particle diameter 


Ti (°C) 


th rc): 


Tz^C) 


T3 rc) 


Tg (°C) 


T4 rc) 


AH (°C) 


Ex. 1 


.-. . .;^;-::.:._6.0^inn . ; . 


16.0 


18.0 


20.0 


29.0 


32.5 


36.0 


14.5 


Ex. 2 


6.0 |im - 


26.0 


29.5 


33.0 


28,0 


32.0 


36;o 


2.5 


Ex. 3 


2.0 ^im 


20.0 


26.0 


32.0 


24.0 


31.0 


38.0 


5.0. 


Ex. 4 


- ■ ■ 1.0 |xm ■ 


■ : 4.0 


- 13.0 V 


22.0.^ 


■} Q-Q } 


15.0 


24.0 


2.0 


Ex, 5 


. 6.5^m / ..^ 


25.0 


31.0 


37.0' 


30.0.- 


,36.0 


42.0 


6.0,;. 


Ex. 6 


0.7 |ijri:x' 


17.0 


22.0 


27^0 


25.0 


30.0 


35.0 


; 8.6 


Ex, 7 


, 0.7 ^im 


14.0 


18.0 


22.0 


24.0 


30.0 


36.0 


12.0 


Ex.8 


I ^ 0.5 \im 


.12.0 


,15.0 V 


18.0 , 


.26.0,, 


30.5 


35.0 


.15.5.. 


Ex. 9 


1.6 Jim ? 


25.6 


30.5 


35.5: 


27.6 


32.5 


38.0 


."■.^^'2.0':; 



[0083] The microencapsulated pigments of Examples 2 to 5 and 9 each changed in color between blue and colorless, 
the microencapsulated pigments of Examples 6 and 7 each changed between pink and colorless, and the microen- 
capsulated pigment of Exaimple 8 changed between blue-green and colorless. ; 

[0084] In Table 3 Is shown the compbsition. with respect to components (a), (b), and (c), of each of the thermpchromic 
microencapsulated pigments of Comparative Examples 1 to 8. The melting point of component (c) is also shown, ^ 
[0085] The numeral in each parenthesis |n the table indicates the amount In terms of parts by weight. 



TABLE 3 







"'■^V/ .y'^^v.(b)7 v;\'V;- 




Comp. Ex. 1 


3- [2-ethoxy-4-(N-ethylaniIino) 
phenyl]-3-(1-ethyl- 
2-methylindol-3-yl)- 

4- azaphthaIide (1.5) 


2,2-bis(4-hydroxyphenyl) 
hexafluoropropane (6.0) 


neopentyl stearate (50.0) 
m.p. 36.0**C 


Com p. Ex. 2 


3- I2-ethoxy-4-(N-ethyIanilino) 
phenyll-3-(i -ethyl- . .. 
2-methylindpl-3-yl)- 

4- azaphthailde (1 .5) 


1 . 1 -bis(4-hydroxyphenyi)-n- 
decane (6.0) . v 


stearyl caprate (40.0) 
cetyl caprate (10.0) : 
m.p.35.7"C : 


Comp. Ex. 3 


3- [2-ethoxy-4-(N-ethylanilino) 
phenyll-3-(1 -ethyl-. - 
2-methylindol-3Tyl)- 

4- azaphthafide (1 .5) 


1 , 1 -bis(4-hydroxyphenyi)-n- 
decane(6.0) . 


stearyl caprate (40.0) 
cetyl caprate (10.0) 
m.p.35.7*»C 
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TABLES (continued) 





(a) 


(b) 


(c) 


Comp. Ex. 4 


3-[2-ethoxy-4-(N-ethylanilino) 

phenyl]-3-(1-ethyl- 

2>methylindol'3-yl)- 

*r~a£apnuiallue \1 .D) 


1 ,1-bls(4-hydroxyphenyl)-n- 
decane (6.0) 


n-butyl stearate (40.0) 
n-butyl palmitate (10.0) 


Comp. Ex. 5 


3- [2-ethoxy-4-(N-ethylanlllno) 
phenyl]-3-(1-ethyl- 

2-m ethyl indol-3-yl)- 

4- azaphthalide (1.5) 


1 ,1-bis(4-hydroxyphenyl)-n- 
decane (6.0) 


stearyl laurate (25.0) 
stearyl caprate (25.0) 
m.p. 39.2°C 


Comp. Ex. 6 


1 ,2-benzo-6-(N-ethyl-N- 
isobutyiamino)fluoran (1 .5) 


2,2-bls(4-hydroxyphenyI) 
hexaftuoropropane (6.0) 


n-heptyl stearate (50.0) 
m.p. 35.0*C 


Comp. Ex. 7 


3,3-bis(2-ethoxy- 
4>diethylamino)- 
4-azaphthalide (1.5) 


2,2-bis(4-hydroxyphenyl) 
hexafluoropropane (6.0) 


neopentyl stearate (50.0) m.p. 
36.0*»C 


Comp. Ex. 8 


3- [2-ethoxy-4-(N-ethylannino) 
phenyl]-3-(1-ethyl- 
2-methyIindol-3-yl)- 

4- azaphthalide (1.5) 


1 .1-bis(4-hydroxyphenyl)-n- 
decane (8.0) 


2-methytpentyl beheniate (25.0) 
2-ethylhexyI behenate (25.0) 
m.p. 35.9''C 



[0086] In Table 4 are shown the particle diameter. T^ (complete-coloration temperature). T2 (coloration initiation 
temperature), T3 (decoloration initiation temperature), T4 (complete-decoloration temperature), T^ (temperature cor- 
responding to the midpoint in color density during coloration), T© (temperature corresponding to the midpoint in color 
density during decoloration), and AH (hysteresis range) of the thermochromic microencapsulated pigment of each of 
Comparative Examples 1 and 2. 

[0087] In the Comparative Examples, microencapsulated pigments were prepared in the same manner as in Example 
1. These microencapsulated pigments were examined for particle diameter and subjected to the sample preparation 
and the measurement of color change temperatures with the color-difference meter, in the same manners as in Example 

1. •■ ■ V ■ • : 



TABLE 4 





Average particle 
diameter 


Ti (°C) 


ThCC) 


T2(*'C) 


T3("C) 


Tg CC) 


T4(-C) 


AH («C) 


Comp. Ex. 1 


6.0 \im 


13.0 


14.5 


16.0 


29.0 


32.5 


36.0 


18.0 


Comp. Ex. 2 


6.0 \ixn 


24.0 


26.5 


29.0 


27.0 


31.0 


35.0 


4.5 



[0088] In Table 5 are shown the particle diameter, T^ (complete-coloration temperature), T2 (coloration initiation 
temperature), T3 (decoloration initiation temperature), and T4 (complete-decoloration temperature) of the thermochro- 
mic microencapsulated pigment of each of Comparative Examples 3 to 8. 



TABLE 5 





Average particle diameter 


Ti (^C) 


T2 (°C) 


T3 (»C) 


T4 (^C) 


Comp. Ex. 3 


1.0 jxm 


8.0 


28.0 


24.0 


36.0 


Comp. Ex. 4 


1.0 ^m 


6.0 


17.0 


8.0 


24.0 


Comp. Ex. 5 


0.5 ftm 


10.0 


31.0 


29.0 


38.0 


Comp. Ex. 6 


0.7 |im 


8.0 


20.0 


27.0 


34.0 


Comp. Ex. 7 


0.5 \un 


2.0 


14.0 


26.0 


36.0 


Comp. Ex. 8 


1.0 \Lm 


22.0 


32.0 


27.0 


38.0 



[0089] The pigments obtained in the Examples and Comparative Examples given above are explained below with 
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respect to color change temperatures by means of diagrams. 

[0090] The microencapsulated pigment of Example 1 , which contained a Ihermochromic composition, showed such 
color change temperatures that it had a hysteresis range (AH) nan-ower by 3.5°C than the pigment of Comparative 
Example 1. The pigment of Example 1 showed a color change temperature curve sqch as that given in pig. 2.. 
5 [0091] Likewise, a cbmparisoh between Example 2 and Comparative Example 2 shows that the pigment of Exampje ' 
2 had a hysteresis range (AH) narrower by 2.0''C than that of the pigment of Comparative Example 2. The pigment of 
Example 2 showed a color change temperature curve such as that gjven in Fig. 2. 

[0092] The microencapsulated pigment of Example 3, which contained a thermochromic composition, showed such 
color change temperatures that it began to color at 32^C and completely colored at 20°C, in contrast to the thermo- 

10 chromic comppsltlon of Comparative Example 3, which hot only began to graduially color at 28* C and completely . . 
colored at 8*»C but showed stepwise coloration, Namely, the pigment of Example 3 had color change temperatures - 
shifted to the higher-temperature side, and showed a distinct color change. This pigment showed a color change 
temperature curve such as that given in Fig. 3i. . : V . ' ' 

[0093] The microencapsulated pigment of Example 4, which contained a themnochromic confiposition. showed such 

15 color change temperatures that it began to color at 22'»C and completely colbred at 4*»C. in contrast to the thermochromic 
compbsltion of Comparative Exampie 4. whjch not only began to gradually color at 17**C and completely colored at 
6**C but showed stepwise coloration. Namely, the pigment of Example 4 had color change temperatures shifted to the 
higher-temperature side, and showed a distinct color change. This pigment shoyyed a color change temperature curve 
such as that given in Fig. 3. j ; •■. ■ V-/ ' '-. -V - . • . • . • ^ -■ 

20 [0094] The microencapsulated pigment of Example 5. which contained a thermodiromic composition, showed such 
color change temperatures that it began to color at 37°C and completely colored at 25°C. in contrast to the thermo- 
chromic composition of Comparative Example 5, which not only began to gradually color at SI^C and completely 
colpred at lO^C but showed stepwise coloration. Namely, the pigment of Example 5 had color change temperatures 
shifted to the higher-temperature side, and showed a distinct color change. This pigment showed a color change 

25 temperature curve such as that given in Fig. 3: ' ' ^ . - * 

[0095] The microencapsulated pigment of Example 6, which contained a therrnochromic 

color change temperatures that it began to color at 27'»C and completely colored at lT^C. in contrast to the thenmor 
\ chromic composition of Comparative Exarnple 6, which not only began to gradually color at 20^6 and completely 
colored at 8*C but showed stepwise coloration. Namely, the pigment of Example 6 had color change temperatures . 

30 shifted to the. higher-temperature side, and showed a disttinct color change. This pigment showed a OTior change 
temperature curve such as that given in Fig. 3. " . ; . • "v ; ■ --v > 

[0096] The microencapsulated pigment of Exanipjle 7. which contained a thermochroniic composjtion. showed such 
color change temperatures that it began to color at 22°C and completely colored at 14*»C, in contrast to the thermo- 
chromic composition of Comparative Example 6. which not. only began to gradually color at 20*C and completely 

35 colored at S'^C but showed stepwise coloration. Namely, the pigment of Example 7 had color change temperatures 
shifted to the higher-temperature side, and showed a distinct color change. This pigment showed a color change 
temperature curve such as that given in Fig. 3. •■ -r ':r ' 

[0097J The microencapsulated pigment of Example 8, which contained a thermochromic composition, shpwed such 
color change temperatures that it began to color at 18«»C.and completely colored at .12'»C, in contrast to the thermo- 
40 chromic composition of Comparative Example 7, which not only began to gradually color at 14*C and completely . 
colored at 2*'C but showed stepwise coloration. Namely, the pigment of Example 8 had color change temperatures 
shifted to the higher-temperature side, and showed a distinct color change. This pigment showed a color change 
temperature curve such as that given in Fig. 3; 

[0098] The microencapsulated pigment of Example 9, which contained a thenmochrpmic composition, showed such 
45 color change temperatures that it began to color at 35.5*»C and completely colored at 25*»C, in contrast to the thermo- 
, chromic composition of Comparative Example 8, wfilch not only began to graduajly color at 32''C and completely . 
colored at 22°C but showed stepwise cojoration. Namely, the pigment of Example 9 had color change temperatures 
shifted to the higher-temperature side, and showed a distinct color change. This pigment showed a color change 
temperature curve such as that given in Fig. 3. = 



50 



EXAMPLES 10 TO 21 AND COMPARATIVE EXMAPLES 9 TO 16 



[0099] In Table 6 \s shown the composition, with respect to components (a), (b). (c). and (d), of each of the themio- 
chromic microencapsulated pigments of Examples 10 to 20. Each combination of components (c) and (d) satisfies the 
55 relationship (X+16)°C^^(X+100)°C or (X-10)'»C^Y^(X+15)'>C, wherein X (*»C) ahd Y ('C) are the melting points pf 
components (c) and (d), respectively. The melting points of these two components are also shown in the table, wherein 
the numeral in each parenthesis indicates the amount in terms of parts by weight. 
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TABLES 





(a) 


(b) 


(c) 




Ex. 10 


3-cyclohexylamino- 
7-methytfluoran (1.5) 


1.1 -bis 

(4-hydroxyphenyl) 
ethane (6.0) 


neopentyl stearate 
(50.0) 

m.p. 35.8*C 


stearyl laurate (5.0) 
m.p.45.rc 


Ex. 11 


3-cyclohexylamino- 
7-methyIfluoran (1.5) 


1.1-bis 

(4-hydroxyphenyl) 
ethane (6.0) 


neopentyl stearate 
(50.0) 

m.p. 35.8°C 


stearyl stearate (5.0) 
m.p. 58.8**C 


Ex. 12 


1 .2-benzo-6-(N- 
ethyl-N-lsobutylamlno) 
fluoran (1 .5) 


2,2-bis 

(4-hydroxyphenyl) 
propane (6.0) 


tridecyl laurate (50.0) 
m.p. 37.2*»C 


stearyl stearate (5.0) 
m.p. se.s'^c 


Ex. 13 


2-(2-chloroanilrno)- 
G-di-h-butylamino- 
fluoran (3.0) 


2.2-bis 

(4-hydroxyphenyl) 
propane (6.0) 


n-heptyl stearate (50.0) 
m.p 35.0**C 


stearyl caprate (2.5) 
m.p. 39.2**C 


Ex. 14 


3-t2-ethoxy-4-(N- 
ethylan il i no)ph eny 1]- 

3- (1-ethyl- 
2-methyllndol-3-yl)- 

4- azaphthalide (1.5) 


2,2-bls 

(4-hydroxyphenyl) 
propane (6.0) 


n-nonyl palmitate (50.0) 
m.p. 34.0''C 


decyl myristate (1 .0) 
m.p. 25.4*'C 


Ex, 15 


3-[2-ethoxy-4-(N- 
ethyianilino)phenyl]- 
3-(1.ethyl- 
2-methylindol-3-yI)- 
4>azaphthalide (1.5) 


2.2-bis 

(4-hydroxyphenyl) 
propane (6.0) 


n-nonyl palmitate (50.0) 

m.p. 34.0'C 


n-dodecyl ether (1 .5) 
m.p. 32,4*'C 


Ex. 16 


3-[2-ethoxy-4-(N- 
ethylanllinp)phenyl]- 

3- (1-ethyl- 
2-methyIlndol-3-y!)- 

4- azaphthalide (1 .5) 


1.1-bis 

(4-hydroxyphenyl) 
ethane (6.0) 


n-nonyl palmitate (50.0) 
m.p. 34.0''C 


n-octadacyl ether (1 .5) 
m.p. 58.0°C 


Ex. 17 


1,2-benzo-6-(N- 
ethyl-N-isobutylamino) 
fluoran (1 .5) 


1.1 -bis 

(4-hydroxyphanyl) 
ethane (6.0) 


undecyl laurate (50.0) 
m.p. 35.1^*0 


tetradecyl ether (1 .5) 
rri.p. 44.0**C 


Ex. 18 


1,2-benz6-6-(N- 
ethyl-N-rsobutylamino) 
fluoran (1 .5) 


1.1-bis 

(4-hydroxyphenyl) 
ethane (6.0) 


undecyi hfiyristate (50.0) 
m.p. 35.3**C 


stearyl laurate (1.5) 
m.p.45.1*»C 


Ex. 19 


1.2-benzo-6-(N- 
ethyl-N-isobutylamino) 
fluoran (1.5) 


2.2-bis 

(4-hydroxyphenyl) 
propane (6.0) 


n-nonyl palmitate (50.0) 
m.p. 34.0"C 


stearamlde (1 .5) 
m.p. lOQ.O^'C 


Ex. 20 


3-butylamino- 

6- methyl- 

7- anllinofluoran (3.0) 


2.2-bis 

(4-hydroxyphenyl) 
propane (6.0) 


n-laiirophenone (50.0) 
m.p. 46.0°C 


di-n-heptyldecyl ketone 
(1.5) 

rn.p. 89.0°C 


Ex.21 


3-cyc)ohexylamino- 
7-methylfluoran (1 .5) 


1.1-bis 

(4-hydroxyphenyl) 
ethane (6.0) 


neopentyl stearate 
(50.0) 

m.p. 35.8*»C 1 


eicosanoic acid (1 .0) 
m.p. 76.1 *C 



[0100] In Table 7 are shown the T^ (complete-coloration temperature), Tg (coloration initiation temperature), T3 (de- 
coloration initiation temperature). T4 (complete-decoloration temperature). T^ (temperature corresponding to the mid- 
point in color density during coloration) . Tq (temperature corresponding to the midpoint in color density during de- 
coloration), and AH (hysteresis range) of the thermochromic microencapsulated pigment of each Example. 
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TABLE 7. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 







Th rc) 


Tare) 


T3 (°C) 




T4 (°C) 


AH rc) 


Ex. 10 


14.0 


■ 15.5C ■ 


'/:;i7,o;-~ 


:^;29.0;;- 


31-5 ' 


34.0,;;. 




Ex. 11 


19.0 


20.5 


22.0 


31.0 


33.5 


36.0> 


13.0 


Ex. 12 


23.0 


25.5 


28.0,:^ 


27.0:: 


. 31.0 


35.0 V 


5.5 


Ex. 13 


20.5 


21.5 


23.0 ' 


- 26.0 ; 


30.0 . 


34.0/ 


8.5 


Ex. 14 


17.0 


18.5 . : 




. 27,0^; 


30.0, 


\- 33.0 ; 


11.5 


Ex. 15 


17.0 


18.5 


20.0 : 


26.0 


30.0 


- 34.0 


M1.5 ; 


Ex. 16 


22.6 


■ 25.5^;/ 


29.0 ; 




32.0 


f 35.0 


• 6.5 . . 


Ex. 17 


; 6,0 


9.5 


13.0 


26.0 


28.0 


30.0 


18.5 


Ex. 18 


16.0 


17.5 


19.0 


27.0 


29.0 


31.0 


: 11.5 


Ex. 19 


24.0 


26.0 


28.0 . 


; 29.0 


32.0 


35.0 


v 6.0/ 


Ex.20 


.1.0 


5.0 


10.0 


35.0 


40.5 


46.0 


35.0. 


Ex.21 


18.5 . 


,19.0 


21.0 


31.0 


33.5 


36.0 


• 14.5 



Preparation of Microencapsulated Pigment Containing Th 

[0101]% A mixture of 1.5 parts by weig[ht of 3-iyc|ohexylaminp-7-methym as component (a). 6.0 parts by weight 
of 1 ^1-t>is(4-hydroxyphenyl)ethane as conriponent (b), 50.0 parts by weight of neopentyl stearate as component (c). 
and "5.0 parts by weight'of steaiyl laurate as component (d) was heated at 120°C to obtain a homogeneous solution. 
Thereafter, this solution was microencapsulated with an epoxy resin film formed from an eppxy resin and an amine,, 
hardener lay interfacial polymerization to prepare aj microencapsulated pigment. This microencapsulated pigment 
shoylfed such thermbchromic prbp^ ■ 

Preparation of Sample for Measurement »V : , ■ -\ 'r r :. \ 

[0102] - A thbrmbchromlc i^^^^^^^ microencapsulated pigment into 60 

parts by weight of an ethylene/vinyl' acetate copolymer emulsion was used to print a circle of a given size on wood- ; 
free paper by screen printing. _ ' i^-,:.:, {..^'-:u'r\- \./ c,. .... ^.' ^ ■ -y/'^i 

Measurement of Color Change Temperatures ^^^^^^ \ ; / / > • J v ' ^ ;". "1// :l 

[0103] The printed matter was set In the proper position in a color-difference meter (Type TC-3600, manufactured 
by K.K. Tokyo Denshoku). and was heated and cooled at a rate of 1 0*'C/mln in a temperature range having a width of 
50°C to measure the color density thereof at each of various temperatures. , ; ; 

[01 04] In Examples 10 to 21 . the compositions shown in Table 6 were used to prepare microencapsulated jpigments 
in the same manner as in Example 10. These microencapsulated pigments were subjected to the sample preparation : 
and the rneasurement of color change temperatures witti the color-ditference meter, in the sam^ manners as Iri Example 
10. \ ' ^ ■ ' ^ ' ' ' 

[0105] The pigments obtained in some of Examples 10 to 21 showed the following themiochromic properties. The 
microencapsulated pigment of Exampj.8,12 changed Iri color between pink and colorless; the microencapsulated pig- 
ment of Example 13 changed between black and cdjorless; the microencapsulated pigment of Example 14 changed 
between blue and coiorlessrthe .mlcrberi<^ between pink and colorless; and 

the microencapsulated pigment of Example 20 changed between pink and colorless. * ; ^ 

[61 061 In Table 8 is shown the composition, with respect to components (a), (b). arid (c), of each of the thermochromic 
microencapsulated pigments of Comparative Examples 9 to 16. The melting point of coniporierit (c) is also shown. 
[0107] The numeral In each parenthesis in the table indicates the amount in terrns of parts by weight. 
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TABLE 8 





(a) 


(b) 


(c) 


Comp. Ex. 9 


3-cyclohexylamiho- 
7-methylfluoran (1.5) 


1 ,1-bis(4 hydroxyphenyl)ethane 

(6.0) 


neooentvl stearafe f50 0) 
m.p. 35.8'*C 


Comp. Ex. 1 0 


1 ,2-benzo-6-(N-ethyl-N- 
isobutylamino)fluoran (1 .5) 


2,2-bis(4-hydroxyphenyl) 
propane (6.0) 


tridecyl laurate (50.0) 
m.p. 37.2»C 


Comp. Ex. 11 


2-(2-chloroanilino)-6-di-n- 
butylamlnofluoran (3.0) 


2,2-bis(4-hydroxyphenyl) 
propane (6.0) 


n-heptyl stearate (50.0) 
m.p. 35.0'*C 


Comp. Ex. 12 


3- I2-ethoxy-4-(N-ethylanilino) 
phenyq-3-(1 -ethyl- 
2-methylindol-3-yl)- 

4- a2aphthalide (1.5) 


2,2-bis(4-hydroxyphenyl) 
propane (6.0) ^ 


n-nonyl palmitate (50.0) 
m.p. 34.0°C 


Comp. Ex. 13 


3,3-bis(2-ethoxy- 
4-diethylaminophenyl)- 
4-azaphthalide (1 .0) 


1, i-Dis^i-nyurDxypnenyi^euiane 
(6.0) 


undecyl laurate (50.0) 
m.p. 35. rc 


Comp. Ex. 14 


3,3-bis(2-ethoxy- 
4-diethylaminophenyl)- 
4-azaphthalide (1 .0) 


1 ,1 -bis(4-hydroxyphenyl)ethane 
(6.0) 


undecyl myrlstate (50.0) 
m.p. 35.3**C 


Comp. Ex. 15 


1 .2-benzo-6-(N-ethyI-N- 
isobutyIamino)fIuoran (1.5) 


2.2-bls(4-hydroxyphenyl) 
propane (6.0) 


n-nonyl palmitate (50.0) 
m.p. 34.0»C 


Comp. Ex. 16 


3-butyiamino-6-methyl- 
7-ianilinofluorah (3.0) 


2,2-bis(4-hydroxyphenyO 
propane (6.0) 


n-iaurophenone (50.0) 
m.p. 46.0''C 



[0108] In Table 9 are shown the (complete-coloration temperature), Tg (coloration Initiation temperature), T3 (de- 
coloration Initiation temperature), T4 (complete-decoloration temperature). Th (temperature corresponding to the mid- 
point in color density during coloration), Tq (temperature conresponding to the midpoint in color density during decolor- 
ation), and AH (hysteresis range) of the thermochromic microencapsulated pigment of each of the Comparative Ex- 
amples. 

[01 09] In the Comparative Examples, microencapsulated pigments were prepared In the same manner as in Example 
1 . These microencapsulated pigments were subjected to the sample preparation and the measurement of color change 
temperatures with the color-difference meter, in the same manners as in Example 1. 



TABLE 9 





Ti {°C) 


ThCC) 


T2 (°C) 


Tare) 


Tg (°C) 


T4 (»C) 


AH (°C) 


Comp. Ex. 9 


14.0 


15.5C 


17.0 


31.0 


33.5 


36.0 


18.0 


Comp. Ex. 10 


18.0 


20.5 


23.0 


27.0 


31.0 


35.0 


10.5 


Comp. Ex. 11 


20.5 


21.5 


23.0 


31.0 


33.0 


35.0 


11.5 


Comp. Ex. 12 


17.0 


18.5 


20.0 


29.0 


32.0 


35.0 


13.5 


Comp. Ex. 13 


6.0 


9.5 


13.0 


29.0 


31.0 


33.0 


21.5 


Comp. Ex. 14 


16.0 


17,5 


19.0 


30.0 


32.0 


34.0 


14.5 


Comp. Ex. 15 


17.0. 


18.5 


20.0 


29.0 


32.0 


35.0 


13.5 


Comp. Ex. 16 


-6.0 


0.0 


4.0 


35.0 


40.5 


46.0 


40.5 



[0110] The pigments obtained in the Examples and Comparative Examples given above are explained below with 
respect to color change temperatures by means of diagrams. 

[0111] The microencapsulated pigment of Example 10, which contained a thermochromic composition, showed such 
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color change temperatures that it had a hysteresis range (AH) narrower by 2° C than the pigment of Comparative 
Exainpie 9. The pigment of Example 1 0 showed a coliar change tempieratu re curve such as that given in Fig. 4. . 
[0112] Likewise, a comparison between Example 11 and Comparative Example 9 shows that the pigment pf Example . 
1 1 had a hysteresis range (AH) narrower by 5°C than that of the pigment of Comparative Example 9, The pigment of 

5 Example 11 showed a color change temperature curye such as that given in Fig. 2. > t. 

[0113] Likewise, a comparison between Example 12. and Comparative Example 10 shows that the pigment of Ex- 
ample 12 had a hysteresis range (AH) narrower by 5.0* C than that of the pigment of Comparative Example 10. The 
pigment of Example 12 showed a color change temperature curve such as that given in Fig. 2. * 
[0114] Likewise, a comparison between Example 13 and Comparative Example 11 shoyvs that th^ pigrpent of Ex- 

10 ample 13 had a hysteresis range (AH) narrower by 3.b*»C th^n that of the pigment of Comparative Example .11, The , 
pigment of Example 13 showed a color change temperature curvis such as that given in Fi 

[0115] . Likewise, a comparison between Example 14 and Comparative Example 12 shows that the pigment of Ex- , 
ample 14 had a hysteresis range (AHij narrower by 2.6*C than that of the pigment of Comparative Example 1 2, The 
pigment of Example 14 showed a color change teniperature curve such as that gi^ 

15 [01161 Likewise, a comparison between Example 15 and Compjarajlive Example 12 shows that th^ pigment of Ex- 
ample 15 had a hysteresis range (AH) narrower by 2.0*6 than that of the pigment of Comparative Example 12. The 
pigment of Example 1 5 showed a color change temperaUjre curve such .^s that given in Fig, 4. v 
[01 17] Likewise, a comparison between Example 1 6 and Comparative Example 1 2 shows that the pigment of Ex- 
ample 16 had a hysteresis range (AH) narrower by 7. 0°C U^^^ that of the pignient of Cpmp^ 

20 pigment of Exarriple 16 showed a color change t^ 

' ■ [0118] Likewise, a comparison between Example 17 and Comparative Example 13 shows that the pigment of Ex- 
ample 17 had a hysteresis range (AH) narfoWer by 3.0*q than that of the pigment of Comparative E^^^^^ The 
pigment of Example 17 showed a color change tempera^^^^ 

[0119] Likewise, a comparison between Example 18 and Comparative Example 14 shows that the pigment of Ex- 
25 ample 18 had a hysteresis range (AH) narrower by 3.0°C than that of the pigment of Comparative Example 14. The 
pigment of Example 18 showed a color change ternperature curve 

[0120] Likewise, a comparison between Example 19 and Comparative Example 15 shows that the pigment of Ex- 
ample 19 had a hysteresis range (AH) narrower by 7.5°C than that of the pigment of Comparative Example 15. The 
pigment of Example 19 showed a color change temperature curve such as ^ 
30 [01 21] Likewise, a comparison between Example 20 and Comparative Example 16 shows that the pigment of Ex- . 
. ample 20 had a hysteresis range (AH) narrower by 5.5*C than that of the pigment of Comparative Example 1 6. The 
. pigment of Example 20 showed a color change temperature curve s^uch ag that giyen iri Fig. 2. : , ^r,^^; j , - ."■ ; 
[0122] Likewise, a comparison behveen Example 21 and Comparative 

21 had a hysteresis range (AH) nanrower by 3.5*C than that of the pigment of Comparative Example 9. The pigment 
35 of Example 21 showed a color change temperature curve such as that given in Fig. 2. . , , 
; [0123] The invention can provide thermochromic microencapsulated pigments which can have delicately regulated 
color change temperatures and are applicable to a variety of fields including temperature indication, decoration, toys, 
and training elements. • .= ' «. ' / / . ' ;. . 

[0124] When the microencapsulated pigments have a small particle diameter, they are excellent not only in the del- 
' 40 icate regulation of color change temperatures but in the themiochromic function of showing a distinct color change. 
These thennochrpmic microencapsulated pigments are therefore applicable to a wide range of applications Including 
Inks for writing utensils. Inks for spraying, process printing Inks for high-mesh separation, and gravure Inks. 

45 Claims ■' ' : r^'' ' -•^[ •■ T ; .,. ' 

1. A reverslbly thermochromic microencapsulated pigment composition showing decolouration on temperature in- 
crease and colouration on temperature decrease which comprises: , . • 

50 (a) an electron-donating chromatic organic compound, • . 

(b) an electron-accepting compound, y 

(c) a reaction medium which deterrnines the temperatures at which the colour reactions of cpmppiient (a) with 
component (b) take place, and ... : . ' . . 

(d) a colour change temperature regulator which is contained in an amount of frorn 0.01 to 0.3 part by weight 
55 per part by weight of the reaction niedium (c) and which comprises at least one ester, alcohol, ketone, acid 

amide, hydrocartjon or fatty acid and has a melting point Y (•C) satisfying the relationship (X+30) fys200, 
wherein X (**C) is the melting point of component (c). 
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2. A reversibly thermochromic microencapsulated pigment according to Claim 1 , wherein the colour change temper- 
ature regulator (d) is an aliphatic ester, an aliphatic ketone, an aliphatic alcohol, an aliphatic acid amide or a sat- 
urated fatty acid. 

3. A reversibly thermochromic microencapsulated pigment according to Claim 1 or Claim 2, which has an average 
particle diameter of 0.01 - 6^m. 

4. A reversibly thermochromic microencapsulated pigment according to any preceding Claim, which gives a temper- 
ature-colour density curve showing that the pigment undergoes changes with a maximum hysteresis range (AH) 
of5"C. 

5. A reversibly thermochromic microencapsulated pigment composition showing decolouration on temperature in- 
crease and colouration on temperature decrease which comprises: 

(a) an electron-donating chromatic organic compound, 

(b) an electron-accepting compound, 

(c) a reaction medium which detennines the temperatures at which the colour reactions of component (a) with 
component (b) take place, and 

(d) a colour change temperature regulator which is contained in an amount of from 0.01 to 0.3 part by weight 
per part by weight of the reaction medium (c) and comprises at least one ether, ester, ketone, acid amide or 
fatty acid and has a melting point Y (°C) satisfying the relationship (X+16)^^(X+100), wherein X {*»C) is the 
melting point of component (c), 

and which undergoes colour changes with a hysteresis range (AH) of 5-80**C within which the pigment has either 
the colour associated with temperatures above the upper colour-change temperature when it entered the hysteresis 
range from above, or the colour associated with temperatures below the lower colour-change temperature when 
it entered the hysteresis range from below. 

PatentahsprQche 

1 . Reversible, thermochrome, mikroverkapselte Pigmehtzusarnmensetzung, die bei Temperaturzunahme Entfarbunig 
und bei Temperaturabnahme Einfdrbung zeigt und folgendes lim^sst: 

(a) eIne elektronenabgebende, chromatische, organische Verbindung, 

(b) eine elektronenanziehende Verbindung. 

(c) ein Reaktionsmedium, das die Temperatur bestimmt, bei der die Farbreaktionen der Komponente (a) mit 
der Komponente (b) stattfihden, und : \ 

(d) einen FarbverSnderungstemperaturregulator, der in einer Menge von 0,01-0,3 Gew.-Teilen pro Gew.-Teil 
des Reaktionsmediums (c) vorhanden ist und der mindestens einen Ester, einen Alkohol, ein Keton, ein Sau- 
reamid, einen Kohlenwasserstoff oder eine FettsSure umfasst und einen Schmelzpunkt (Y) (°C) aufweist, der 
die Beziehung (X + 30) ^ Y S 200 erfQIlt, worin X (°C) der Schmelzpunkt der Komponente (c) ist. 

2. Reversibles, thermochromes, mikroverkapseltes Pigment gemdss Anspruch 1, worin der FarbverSnderungstem- 
peratun-egulator (d) ein aliphatischer Ester, ein aiiphatisches Keton, ein aliphatischer Alkohol, ein aliphatisches 
Sdureamld oder eine gesSttigte FettsSure ist. 

3. Reversibles, thermochromes, mikroverkapseltes Pigment gemSss Anspruch 1 oder 2, das einen durchschnittlichen 
Teilchendurchmesser von 0,01-6 ^im aufweist. 

4. Reversibles, thermochromes, mikroverkapseltes Pigment gemSss mindestens einem der vorhergehenden AnsprO- 
che. das eine Temperaturfarbdichtekurve liefert, gemdss der das Pigment Verdnderungen mit einem maximalen 
Hysteresebereich (AH) von S^'C zeigt. 

5. Reversible, thermochrome, mikroverkapselte Pigmentzusammensetzung, die bei Temperaturzunahme EntfSrbung 
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und bei Temperaturabnahme ElnfSrbung zeigt und folg^ndes umfasst: 

(a) eine elektronenabgebende, chrom£|tisch^ 

(b) sine eiektronenanziehende Vertolndung, 

(c) ein Reaktionsmedium, das die Temperatur bestimmt, bei der die Farbreaktionen der Komponente (a) mit 
der Komponente (b) stattfinden. und 

(d) einen Farbverandemngstemperatuiregulator, der in einer tyienge von 0.01-0,3 Gew.-Teilen pro Gew.-Teil 
des Reaktiohsmediums (c) vorhanden ist iind der mindestens einen Ether, einen Ester, ein Keton. ein Sflure- 
amld Oder eine FettsSure umfasst und einen Schmelzpunkt (Y) (*»C) aufweist. der die Beziehung (X + 16) ^ Y 
^ (X + 1 00) erfOlIt, worin X f C) der Schmelzpunkt der komponente (c) ist. 

und die Farbveranderungen mit einem Hysteresebereich (AH) von 5-8p°C durchiauft, innerhalb dessen das Pig- 
ment entweder die Farbe aufweist, die mit Temperaturen oberhalb der oberen FarbverSnderungstemperatur as- 
soziiert ist, wenn der Eintritt in den Hysteresebereich yon oben erfoigt, Oder die Farbe. die mit Temperaturen 
untertialb der unteren Farbveranderungstemppratur assoziiert Ist, wenn der Eintritt in den Hysteresebereich von 
unten erfoigt. 



Revendications 

1 . Composition de pigment thermochromique microencapsul6 reversible pr6sentant une d6coloratron lors d'une aug- 
mentation de temperature et une coloration lors d'une diminution de temp6rature qui comprend : 

(a) un compose organique chromatique donneur d*6lectron, 

(b) un compose accepteur d'eiectron, 

(c) un milieu reactionnel qui detemnine les temperatures auxquelles ies reactions de couleur du composant 
(a) avec le composant (b) ont lieu, et 

(d) un regulateur de temperature de changement de couleur qui est contenu en une quantite ajlant de 0.01 e 
0,3 partie en poids par partie en poids du milieu r6actionnel (c) et qui comprend au moins un ester, un alcool, 
une cetone, un amide d'aclde. un hydrocarbure ou un acide gras et a un point de fusion Y (*C) repondant e 
la relation (X+30)^^00. dans laquelle X ("C) est le point de fusion du composant (c). 

2. Pigment thermochromique microencapsuie reversible seion ta revendlcation 1 , dans lequel le r6gulateur de tem- 
perature de changement de couleur (d) est un ester aliphatlque. une c6tone aliphatlque, un alcool allphatique, un 

. amide d'aclde aliphatlque ou un acide gras sature. . 

3. Pigment thermochromique microencapsuie reversible selori la revendlcation 1 ou la revendication 2, ayant un 
diametre moyen de particule de 0,01 d 6 Jim. 

4. Pigment thermochromique microencapsuie reversible selon I'une quelconque des revendications prec6dentes. 
produisant une courbe de denslte temperature-couleu'r indiquant que le pigment subit des changements avec une 
plage d'hysterese maximum (AH) de 5 ^'C. 

5. Composition de pigment thenrnochromique microencapsuie reversible presentant une decoloration lors d'une aug- 
mentation de temperature et une coloration lors d'une diminution de temperature qui comprend : 

(a) un compose brganique chromatique donneur d'6lectron, 

(b) un compose accepteur d*eiectron. 

(c) un milieu reactionnel qui detemnine les temperatures auxquelles les reactions de couleur du composant 
(a) avec le composant (b) ont lieu, et 

(d) un regulateur de temperature de changement de couleur qui est contenu en une quantite allant de 0.01 e 
0,3 partie en poids par partie en poids du milieu reactionnel (c) et qui comprend au moins un ether, un ester, 
une cetone, un amide d'aclde ou un acide gras et a un point de fusion Y (''C) repondant e la relation (X+16) 
^^(X+1 00), dans laquelle X (**C) est le point de fusion du composant (c). 
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et qui subit des changements de couleur avec une plage d'hystdrdse (AH) de 5 d 80 **C dans laquelle le pigment 
a soit la couleur associ6e aux temperatures au-dessus de la temp6rature de changement de couleur supSrieure 
lorsqu'il a p6n6tr6 par !e haut dans la plage d'hyst6r6se, soit la couleur associ6e aux temperatures en-dessous 
de la temperature de changement de couleur inf6rieure lorsqu'il a p6n6tr6 par le has dans la plage d'hyster^se. 
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FIG. 1 
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FIG. 3 




Ti T2 T3 
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